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Introduction: Abnormalities in lipid metabolism may contribute to the development and progression of
chronic kidney disease (CKD) in patients with type 2 diabetes. Fenofibrate induces early and reversible
reduction in estimated glomerular filtration rate (eGFR), but it may have protective effects on microvas-
cular complications of diabetes. We hypothesized that randomization to fenofibrate versus placebo would
be associated with beneficial long-term effects on kidney outcomes in the Action to Control Cardiovascular
Risk in Diabetes (ACCORD) trial participants.

Methods: We conducted a post hoc analysis in the ACCORD Lipid Trial to examine the association of
randomization to fenofibrate versus placebo with change in eGFR and with time-to-development of
microalbuminuria, macroalbuminuria, CKD, and kidney failure.

Results: We analyzed 2636 participants in the fenofibrate arm and 2632 in the placebo arm. During a
median follow-up of 4 years, treatment with fenofibrate was associated with lower rate of eGFR decline
(—0.28 ml/min per 1.73 m? per year in the fenofibrate group vs. —1.25 ml/min per 1.73 m? per year in the
placebo group, P < 0.01) and with lower incidence of microalbuminuria (hazard ratio [HR] 0.56, 95%
confidence interval [Cl] 0.43-0.72, P < 0.001) and macroalbuminuria (HR 0.72, 95% CI 0.57-0.91, P < 0.001).
There was no difference in incidence of CKD (HR 0.92, 95% CI 0.74-1.15, P = 0.46) and/or kidney failure (HR
0.95, 95% CI 0.68-1.33, P = 0.76).

Conclusion: Compared with placebo, randomization to fenofibrate was associated with lower rates of
incident albuminuria and a slower eGFR decline, but no difference in incidence of CKD or kidney failure in
ACCORD participants.

Kidney Int Rep (2019) 4, 94-102; https://doi.org/10.1016/j.ekir.2018.09.006

KEYWORDS: albuminuria; chronic kidney disease; diabetic nephropathy; fenofibrate; kidney failure

© 2018 International Society of Nephrology. Published by Elsevier Inc. This is an open access article under the CC BY-
NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

iabetes is the leading cause of CKD, which affects
more than 30 million Americans and is a major
public health problem.l Individuals with diabetes and
CKD have approximately 4 times the rate of mortality
than unaffected peers.z’3
blockade of the renin-angiotensin system form the
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mainstay of treatment. Emerging data from clinical
trials of glucagon-like peptide 1 agonists and sodium—
glucose cotransporter 2 inhibitors suggest that use of
these new classes of hypoglycemic medications may
improve kidney outcomes in patients with type 2 dia-
betes.* ° Despite exciting advances, the prevalence of
diabetic kidney disease remains stable, and large
numbers of diabetic patients continue to progress to
end-stage renal disease (ESRD).”"

Dyslipidemia and abnormalities in renal lipid meta-
bolism may predispose diabetic individuals to lipid
accumulation in glomeruli and tubules, which may lead
to fibrosis and accelerated CKD progression.”'’ In
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support of this hypothesis are data suggesting that use
of statins is associated with modest preservation of
eGFR,'! and the finding of beneficial effects of fenofi-
brate on albuminuria and eGFR in the diabetic popu-
lation.'” Data from the ACCORD trial previously
demonstrated that fenofibrate induced early and
reversible reduction in kidney function without sig-
nificant differences in onset of ESRD.'”'" The long-
term effects of fenofibrate on development and pro-
gression of CKD in ACCORD participants have not been
examined in detail in dedicated studies. Therefore, we
conducted a post hoc analysis to test whether, compared
with placebo, fenofibrate treatment would be associ-
ated with reduced eGFR decline over time and with
lower risks of development of microalbuminuria,
macroalbuminuria, incident CKD, and kidney failure.

The ACCORD Trial

The ACCORD glycemia trial was a multicenter ran-
domized trial that tested intensive blood glucose con-
trol compared with standard therapy in 10,251 patients
with type 2 diabetes.'”'® The main outcomes examined
were cardiovascular endpoints. Within the glycemia
trial, in a double 2 X 2 factorial design, participants
were divided into 2 subgroups, one investigating
intensive versus standard blood pressure control and
the other examining lipid therapies.'”'” Eligibility
criteria included patients with type 2 diabetes for >3
months and hemoglobin Alc of 7.5% or higher. Par-
ticipants were age 40 to 79 with known cardiovascular
disease; or age 55 to 79 with 2 risk factors for cardio-
vascular disease, microalbuminuria (= 30 mg/g creati-
nine), significant atherosclerosis, or left ventricular
hypertrophy. Patients with a creatinine >1.5 mg/dl
were excluded.'® Participants were randomized from
2001 to 2005. In 2008, the glycemia trial was stopped
early due to an increase in mortality in the intensive
blood glucose arm.'® Follow-up for the blood pressure
and lipid arms ended in 2009.""'” The ACCORD pro-
tocol was approved by institutional review boards at
all sites, and written informed consent was obtained
from all participants.

The ACCORD Lipid Trial randomized 5518 partici-
pants to either fenofibrate and simvastatin, or placebo
and simvastatin.'® Simvastatin was started at the
randomization visit and fenofibrate or placebo was star-
ted 1 month later. Participants with eGFR >50 ml/min
per 1.73 m® were initially started on fenofibrate 160 mg
daily. In 2004, individuals with eGFR between 30 and
50 ml/min per 1.73 m” received fenofibrate 54 mg daily.
If the eGFR dropped below 30 ml/min per 1.73 m®, the
fenofibrate was stopped.
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Study Population

We used ACCORD Research Materials obtained from
the National Heart, Lung, and Blood Institute to
conduct a post hoc analysis. We examined 5268 par-
ticipants in the ACCORD Lipid Trial (n for fenofibrate
arm = 2636, n for placebo arm = 2632), who had an
eGFR from the month 4 study visit. We excluded 250
participants of the ACCORD Lipid Trial who did not
have a month 4 eGFR. We used the month 4 eGFR for
our baseline eGFR given the increase in creatinine seen
with fibrates after initiating therapy."’

Exposure and Outcomes

The primary exposure was allocation to the fenofi-
brate arm, which we analyzed in an intention-to-treat
manner. We examined the association of fenofibrate
with longitudinal change in eGFR from the month 4
study visit to the end of follow-up. We also examined
the time-to-development of microalbuminuria, mac-
roalbuminuria, incident CKD, and kidney failure.
Because of baseline prevalence of microalbuminuria,
macroalbuminuria, and CKD, the analytic sample size
for each incident time-to-event analysis varied
(Figure 1). Serum creatinine was measured every 4
months and albuminuria was assessed yearly.]8
Microalbuminuria and macroalbuminuria were
defined as urinary albumin-to-creatinine ratio =
30 mg/g and = 300 mg/g in a random urine sample,
respectively. We defined incident CKD as new onset
of eGFR < 60 ml/min per 1.73 m?, =25% decrease
from month 4 eGFR, or decrease in eGFR slope greater
than 1 ml/min per 1.73 m? per year, which was the
median yearly change in eGFR in our study popula-
tion. Kidney failure was defined as initiation of dial-
ysis, kidney transplantation, or rise in serum
creatinine >3.3 mg/dl without a reversible cause.

Measurements and Assessment of Baseline
Covariates

Covariate information was obtained from question-
naires, which included questions about sociodemo-
graphic  characteristics, ~medical history, and
concomitant medications. All participants had baseline
measurements that included height, weight, and blood
pressure. eGFR was estimated from serum creatinine,
measured by the Roche Creatinine Plus enzymatic
method (Roche Diagnostics, Basel, Switzerland), using
the Chronic Kidney Disease Epidemiology Collaboration
equation.'” Urine creatinine was measured enzymati-
cally on a Roche Double Modular P Analytics automated
analyzer. Urinary albumin was measured by immuno-
nephelometry on a Siemens (Munich, Germany) BN II
nephelometer. HbA1C was determined by an automated
high-performance liquid chromatography.
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Accord Lipid Trial
5518 participants

250 excluded for
lack of month 4

eGFR

5268 participants

1813 excluded for
baseline microalbuminuria

662 excluded for baseline
macroalbuminuria

1936 excluded for
baseline CKD at month 4

Microalbuminuria Macroalbuminuria
3455 4606

CKD ESRD
3332 5268

Figure 1. Sample size of participants for the time-to-event analyses. The flow chart demonstrates the available sample size for analyses of
incident kidney outcomes after exclusion of baseline presence of the relevant kidney outcome. CKD, chronic kidney disease; eGFR, estimated

glomerular filtration rate; ESRD, end-stage renal disease.

Statistical Analysis
We examined baseline participant characteristics by
fenofibrate treatment assignment.

We used i-test for continuous variables with normal
distribution, Wilcoxon-Mann-Whitney tests for the
skewed continuous variables, and ')(2 tests for cate-
gorical variables. We compared self-reported adherence
to the randomized interventions among participants in
the fenofibrate arm and those in the placebo arm
throughout the duration of follow-up.

We applied linear mixed models to estimate the ef-
fect of randomization to fenofibrate on the longitudinal
change in eGFR from the month 4 visit to the end of
follow-up. All models included a random intercept for
each participant and a random slope for time as a
continuous variable to account for within-subject cor-
relation. In model 1, we adjusted for glycemia trial and
network. In model 2, we adjusted for factors in model 1
and for age, gender, and race. In model 3, we adjusted
for factors in model 2 and for kidney-specific factors,
including month 4 eGFR, and presence of micro-
albuminuria and macroalbuminuria at baseline. In
model 4, we adjusted for factors in model 3 and base-
line comorbidities and concomitant medications.

In the analysis of development of microalbuminuria
or macroalbuminuria, participants were excluded if
they had microalbuminuria or macroalbuminuria at the
baseline visits, respectively. Participants with baseline
visit eGFR <60 ml/min per 1.73 m” or baseline visit
urinary albumin-to-creatinine ratio >30 mg/g were

96

excluded from the incident CKD analysis. We adjusted
the Cox models for the same covariates we included in
the linear mixed models with exceptions for model 3.
In the microalbuminuria and CKD analyses, the data
were adjusted for month 4 eGFR. In the macro-
albuminuria analyses, we adjusted for month 4 eGFR
and microalbuminuria. In the kidney failure analyses,
we adjusted for month 4 eGFR, microalbuminuria, and
macroalbuminuria. HRs were reported with 95% CIs
with nonuse of fenofibrate as the reference category.
We tested proportional hazards assumption using the
Schoenfeld residual for the effect of fenofibrate use.
The proportional hazards assumption was met for
kidney failure, and development of macroalbuminuria,
but it was violated for development of micro-
albuminuria. To accommodate non—proportional haz-
ards of development of microalbuminuria, we included
time by fenofibrate interaction term in the micro-
albuminuria models.

In additional exploratory analyses, to test whether
the effects of fenofibrate were mediated by changes in
lipid levels during follow-up, we further adjusted our
final models for time-varying levels of total cholesterol,
triglycerides, high-density lipoprotein, and low-
density lipoprotein. To determine whether the eGFR
levels rebounded after discontinuation of fenofibrate at
the end of the ACCORD Lipid Trial, in 2736 follow-on
study participants we examined the mean eGFR levels
throughout the trial and at 2 time points during

the ACCORD Follow-on (ACCORDION) study,” an
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observation period during which no active therapies
were provided by the study and measurements were
collected and analyzed according to the group to which
participants were originally allocated.

All the statistical analyses were performed by using
SAS version 9.4 (SAS Institute Inc, Cary, NC) and R
version 3.4.0 (2017-04-21; http://cran.r-project.org). All
statistical tests were 2-sided, and P < 0.05 was
considered statistically significant. Because the objec-
tive of our post hoc analysis study was to produce
hypothesis-generating results, we did not adjust for
multiple testing. Reported P values are of nominal
significance and serve as guides for possible
associations.

RESULTS

The baseline characteristics of our study population are
listed in Table 1. Overall, participants had diabetes for
more than 10 years, 12% had retinopathy, and 36%
had CKD at baseline, defined as eGFR <60 ml/min per
1.73 m* or urinary albumin-to-creatinine ratio >30 mg/g.
Baseline characteristics, including eGFR values, were
matched between the study groups. Due to the acute
effect of fenofibrate on eGFR,'’ the fenofibrate arm
had a significantly lower month 4 eGFR than the
placebo arm (71.9 vs. 84.0 ml/min per 1.73 m?
P <0.001). Self-reported adherence was comparable
between the 2 groups throughout the duration of
follow-up (Figure 2).
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The mean values of eGFR during follow-up are
shown in Figure 3. Despite having a lower month 4
eGFR, participants randomized to fenofibrate experi-
enced a slower decline in eGFR than individuals ran-
domized to placebo (Table 2 and Figure 3). In the
unadjusted analysis, those randomized to fenofibrate
had an eGFR slope of —0.27 ml/min per 1.73 m” per
year (95% CI —0.56 to 0.01) compared with —1.26 ml/
min per 1.73 m” per year (95% CI —1.38 to —1.14,
P < 0.001) in the placebo group. Following adjustment
for glycemia trial, network, comorbidities, kidney-
specific factors, and medications, the eGFR slopes for
the 2 study groups remained similar to unadjusted
values, consistent with well-matched distribution of
baseline characteristics between the 2 groups.

The associations of randomization to fenofibrate
versus placebo on risks of development of albuminuria,
incident CKD, and kidney failure are shown in Table 3
and Figure 4. During a median follow-up time of
4 years, randomization to the fenofibrate arm resulted
in a decreased risk of incident microalbuminuria, both in
the unadjusted (HR 0.62, 95% CI 0.49-0.79, P < 0.001)
and adjusted analyses (model 4, HR 0.56, 95%
CI 0.43-0.72, P < 0.001). The risk of development of
macroalbuminuria did not differ between the 2
groups in the unadjusted analysis, but after adjusting
for kidney-specific factors in model 3, participants
randomized to the fenofibrate arm had a lower risk of
developing macroalbuminuria compared with those
assigned to the placebo arm (model 3, HR 0.66, 95%

Table 1. Baseline characteristics of study population by fenofibrate randomization arm

Baseline characteristics

Age, y 62.8 + 6.6
Female, n (%) 1614 (30.6)
SBP, mm Hg 1336 +17.0
BMI, kg/m? 323 +53
Total cholesterol, mg/dl 175.2 + 36.9
HbA1C, % 83+1.0
Current smoking, n (%) 2485 (b4.5)
Duration of diabetes, y 107 £ 74
Heart failure, n (%) 274 (6.2)
CVD, n (%) 1905 (36.2)
Baseline retinopathy, n (%) 525 (11.5)
Trial baseline eGFR, mi/min per 1.73 m? 83.5+16.9
Month 4 eGFR, ml/min per 1.73 m? 779 + 1838
Microalbuminuria, n (%) 1235 (24.5)
Macroalbuminuria, n (%) 359 (7.1)
UACR, mg/g 14.0 (7.0-45.0)
Prevalent CKD, n (%) 1875 (35.6)
ACE/ARB inhibitors, n (%) 3545 (67.6)
Insulin use, n (%) 940 (17.8)
TZD use, n (%) 1069 (20.3)
Randomization fo infensive glycemic confrol arm, n (%) 2627 (49.9)

All patients, n = 5268

Fenofibrate arm, n = 2636 Placebo arm, n = 2632 P
62.8 + 6.5 62.8 + 6.7 0.91
810 (30.7) 804 (30.6) 0.89

133.6 + 17.0 133.7 £ 17.1 0.71
322+53 324 +53 0.32
1749 + 36.5 1755 + 37.2 0.56
83+1.0 82+1.0 0.45
1262 (55.4) 1223 (53.5) 0.20
107 +£73 106 + 7.4 0.75
141 (5.4) 133 (6.1) 0.63
948 (36.0) 957 (36.4) 0.76
265 (11.7) 260 (11.4) 0.70
83.6 + 16.9 83.6 + 16.9 0.73
71.9 + 187 84.0+16.9 <0.001
629 (24.9) 606 (24.1) 0.54
182 (7.2) 177 (7.1) 0.84
14.0 (7.0-48.0) 14.0 (7.0-42.0) 0.49
948 (36.0) 927 (35.3) 0.57
1746 (66.6) 1799 (68.7) 0.10
481 (18.3) 459 (17.4) 0.44
526 (20.0) 543 (20.6) 0.55
1299 (49.3) 1328 (50.5) 0.39

ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; BMI, body mass index; CKD, chronic kidney disease; CVD, cardiovascular disease; eGFR, estimated glomerular
filtration rate; HbA1C, hemoglobin A1C; SBP, systolic blood pressure; TZD, thiazolidinedione; UACR, urine albumin-to-creatinine ratio.
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Adherence percentage over time

Lipid Placebo

Percent (%)

Lipid Fenofibrate

4 12 24 36 48 60 72 84
MONTH

s 12 24 36 48 60 72 84

I At or aimost all (80-100%) [ Some (1% to 79%) Il None (0%)

Figure 2. Self-reported adherence to fenofibrate and placebo in the Action to Control Cardiovascular Risk in Diabetes (ACCORD) Lipid Trial
Participants throughout the duration of follow-up. Bars represent percentages of ACCORD Lipid Trial participants reporting good, intermediate,
and poor adherence to fenofibrate and placebo throughout the duration of follow-up.

CI 0.53-0.83, P < 0.001). There were no statistical
differences in risks of developing incident CKD or
kidney failure between the 2 groups.

Overall, time-varying lipid levels had little effect on
kidney outcomes (Supplementary Table SI). Adjust-
ments for follow-up levels of total cholesterol, tri-
glycerides, high-density lipoprotein, and low-density
lipoprotein did not attenuate the relationships between
fenofibrate use and risks of development of micro-
albuminuria and macroalbuminuria, and the associa-
tions with incident CKD and kidney failure remained
nonsignificant.

The evolution of eGFR values throughout the trial
and during the observational ACCORDION study
period in 2736 follow-on study participants is shown in
Figure 5. Consistent with the findings in the ACCORD
Lipid Trial, among the follow-on participants, we
observed an early steep decline in eGFR in the fenofi-
brate group, which was followed by more gradual
decline in eGFR in both groups. Discontinuation of

98
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70

eGFR (mlimin/1.73m” )

65

Year
=+ Non-use of Fenofibrate =*= Use of Fenofibrate === NA
Figure 3. Estimated GFR (eGFR) over time in the Action to Control
Cardiovascular Risk in Diabetes (ACCORD) Lipid Trial participants
according to randomization. Mean absolute follow-up values are
shown. Error bars indicate SEM.
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Table 2. Mean annualized change of eGFR by fenofibrate
randomization arm

Mean annualized change of eGFR (95% Cl)

Models Fenofibrate arm, Placebo arm,

Total, n = 5268 n = 2636 n = 2632 P
Unadjusted -0.27 (-0.56 0 0.01)  -1.26 (-1.38 f0 -1.14) <0.001
Model 1 -0.27 (-0.56 10 0.01)  -1.26 (-1.38 10 -1.14) <0.001
Model 2 -0.27 (-0.56 0 0.01)  -1.26 (-1.38 f0 -1.14) <0.001
Model 3 -0.28 (-0.567 10 0.01)  -1.26 (-1.38 o -1.14) <0.001
Model 4 -0.28 (-0.57 10 0.01)  -1.25 (-1.38 0 -1.13) <0.001

Model 1: Adjusts for glycemia trial, and network.

Model 2: Adjusts for factors in model 1 and for demographics: age, gender, race.
Model 3: Adjusts for factors in model 2 and for kidney-specific factors: month 4 eGFR,
microalbuminuria, macroalbuminuria.

Model 4: Adjusts for factors in model 3 and for presence of comorbidities at baseline:
systolic blood pressure, body mass index, HbAlc, smoking status, cholesterol, T2DM
duration, history of heart failure, history of CVD (myocardial infarction, stroke, revas-
cularization, or angina), history of retinopathy, and for baseline use of medications: ACE/
ARB, insulin, TZD.

ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; CVD, cardio-
vascular disease; eGFR, estimated glomerular filtration rate; HbAlc, hemoglobin Alc;
TZD, thiazolidinedione; T2DM, type 2 diabetes mellitus.

fenofibrate resulted in reversal of eGFR decline, such
that mean eGFR at the first posttrial time point was
modestly higher in the fenofibrate arm compared with
the placebo arm (77.4 & 21.4 ml/min per 1.73 m” vs.
75.6 4 21.8 ml/min per 1.73 m°, P = 0.04). At the
second posttrial endpoint, mean eGFR values were
similar in both groups (75.4 + 22.6 ml/min per 1.73 m’
vs. 74.3 & 22.0 ml/min per 1.73 m°, P = 0.28).

DISCUSSION

In this post hoc analysis of the ACCORD Lipid Trial,
randomization to fenofibrate led to a less rapid decline
in glomerular filtration rate and reduced the risks of
incident microalbuminuria and macroalbuminuria, but
had no effect on risks of incident CKD or kidney

Table 3. Risks of kidney outcomes by fenofibrate randomization arm
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failure. These findings suggest that fenofibrate may
have renoprotective effects, despite causing early
decline in eGFR. Our findings corroborate previous
studies that show an initial rise in serum creatinine
when starting fibrates that is reversible on cessation of
the medication.'*">?""*? In addition, we confirm prior
reports that demonstrated the association of fenofibrate
use with preservation of kidney function in patients
with diabetes.'”"” These findings are promising given
the burden of diabetic nephropathy in the United
States and the urgent need for effective therapies to
slow progression of disease.

The FIELD (Fenofibrate Intervention and Event
Lowering in Diabetes) study previously showed bene-
ficial effects of fenofibrate on kidney function.'? This
study was a randomized controlled trial with 9795
patients aged 50 to 75 with type 2 diabetes who were
randomized to fenofibrate or placebo for 5 years.
Similar to our analysis, the FIELD study showed that
compared with placebo, use of fenofibrate led to a rise
in serum creatinine in the short-term, but in the long-
term it reduced eGFR decline and lowered albuminuria
without impacting the rate of ESRD onset. After a
washout phase of 1 year in the FIELD study, partici-
pants who previously took fenofibrate had significantly
lower serum creatinine levels compared with in-
dividuals assigned to placebo.

Our findings of improved albuminuria and reduced
eGFR decline associated with fenofibrate use in the
ACCORD study confirm the findings of the FIELD
study. For the first time, we now demonstrate that
fenofibrate use did not increase the risk of incident
CKD in the ACCORD population. In addition, we were

Development of
microalbuminuria

Development of
macroalbuminuria

Outcomes (UAIb=30 mg/g)*® (UAIb=300 mg/g)° Incident CKD” Kidney failure®

Total n 3455 4606 3332 5268

n of events 837 355 400 160

Median follow-up fime, y 4.0 43 43 43

Hazard ratio P Hazard ratfio P Hazard ratio P Hazard ratio P

Unadjusted 0.62 (0.49-0.79) <0.001 0.87 (0.70-1.07) 0.18 0.99 (0.82-1.21) 0.95 1.08 (0.79-1.47) 0.64
Model 1 0.61 (0.48-0.78) <0.001 0.86 (0.70-1.06) 0.14 0.99 (0.81-1.20) 0.90 1.07 (0.78-1.45) 0.69
Model 2 0.61 (0.48-0.78) <0.001 0.86 (0.70-1.06) 0.14 0.98 (0.81-1.19) 0.84 1.07 (0.78-1.46) 0.68
Model 3 0.56 (0.44-0.72) <0.001 0.66 (0.53-0.83) <.001 0.89 (0.72-1.11) 0.30 0.92 (0.66-1.28) 0.60
Model 4 0.56 (0.43-0.72) <0.001 0.72 (0.57-0.91) 0.006 0.92 (0.74-1.15) 0.46 0.95 (0.68-1.33) 0.76

ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; CKD, chronic kidney disease; CVD, cardiovascular disease; eGFR, estimated glomerular filtration rate; ESRD,
end-stage renal disease; HbA1c, hemoglobin Alc; SCr, serum creatinine; TZD, thiazolidinedione; T2DM, type 2 diabetes mellitus; UAlb, urinary albumin.

?Adding fenofibrate and time interaction term.

Model 1: Stratified by network and adjusts for glycemia trial.

Model 2: Stratified by network and adjusts for factors in model 1 and for demographics: age, gender, race.

Model 3: (Development of microalbuminuria/Incident CKD) Stratified by network and glycemia trial, and adjusts for factors in model 2 and for kidney-specific factors: month 4 eGFR.
°Model 3: (Development of macroalbuminuria) Stratified by network and glycemia trial, and adjusts for factors in model 2 and for kidney-specific factors: month 4 eGFR,
microalbuminuria.

dModel 3: (Kidney failure OR ESRD (dialysis) OR SCr >3.3) Stratified by network and glycemia trial, and adjusts for factors in model 2 and for kidney-specific factors: month 4 eGFR,
microalbuminuria, macroalbuminuria.

Model 4: Stratified by network and glycemia trial, and adjusts for factors in model 3 and for presence of comorbidities at baseline: systolic blood pressure, body mass index, HbAfc,
smoking status, cholesterol, T2DM duration, history of heart failure, history of CVD (myocardial infarction, stroke, revascularization, or angina), history of retinopathy, and for baseline use
of medications: ACE/ARB, insulin, TZD.
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Development of microalbuminuria
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Figure 4. Proportion of Action to Control Cardiovascular Risk in Diabetes (ACCORD) Lipid Trial participants free from development or pro-
gression of chronic kidney disease (CKD). Proportion ACCORD Lipid Trial participants free from microalbuminuria (a); macroalbuminuria (b);

incident CKD (c); kidney failure (d).

able to examine changes in eGFR after stopping feno-
fibrate over a 4-year follow-up period, which was
longer than the l-year follow-up after fenofibrate
washout in the FIELD study. Finally, the FIELD study
took place in Finland, New Zealand, and Australia,
whereas the ACCORD study recruited participants from
77 North American centers. Therefore, our data may be
more relevant to a North American population.
Fenofibrate may have renoprotective effects by
affecting circulating lipid levels. Previous studies have
suggested that high lipid levels and altered lipid
metabolism in diabetic kidney disease may contribute
to kidney function decline.”'’ Individuals with dia-
betes and CKD have high levels of circulating lipids
that are filtered by the kidney and accumulate in
tubular epithelial cells, which may lead to fibrosis and
accelerated CKD progression.””** Although we did not
detect any evidence of effect mediation by lipid levels
in the ACCORD Lipid Trial, the FIELD investigators
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found that participants with higher baseline lipid
levels had greater preservation in their eGFR with
fenofibrate compared with those with more normal
lipid levels."”

Effects of fenofibrate on metabolism have also
been proposed as a possible mechanism for neph-
roprotection. Patients with diabetic kidney disease
have altered activity of lipid-metabolizing enzymes,
which may lead to a reduction in fatty acid meta-
bolism.”” The abnormal fatty acid levels create toxic
byproducts that cause cell apoptosis, contributing to
kidney failure. Because fenofibrate stimulates the
enzymes that metabolize lipids within the renal cells,
it has been suggested that fenofibrate may mitigate
kidney damage caused by reduced fatty acid meta-
bolism. Experimental studies support this hypothesis
by demonstrating that fenofibrate increases fatty acid
oxidation and protects against renal fibrosis in
animals.'’

Kidney International Reports (2019) 4, 94-102
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Figure 5. Estimated glomerular filtration rate over time in 2736
follow-on study participants according to randomization during the
Action to Control Cardiovascular Risk in Diabetes Lipid Trial. Mean
absolute follow-up values are shown during the trial and the follow-
up observational period. Error bars indicate SEM.

Fibrates may also protect the kidney through
another mechanism suggested by an experimental
study of hyperfiltrating diabetic rats in whom renal
cyclooxygenase-2 expression is upregulated.”® Fenofi-
brate treatment lowered GFR, reduced renal
cyclooxygenase-2 expression, and prevented the rise in
renal prostaglandin production in response to vaso-
constriction in this animal model. The investigators
concluded that fenofibrate may attenuate diabetes-
induced hyperfiltration by preventing the upregula-
tion of renal cyclooxygenase-2 expression that accom-
panies diabetes.”’

Other studies suggest that fenofibrate has anti-
inflammatory effects with reduction of inflammatory
cytokines, which may also have beneficial effects on
the kidney.”” Given this and other evidence for pleo-
tropy of fenofibrate, which includes beneficial effects
on endothelium, coagulation and fibrinolytic path-
ways, oxidative stress, and hyperuricemia,28 additional
research is needed to further elucidate the exact
mechanisms behind the renoprotection we and others
observed with long-term use of fenofibrate in diabetic
patients.

Strengths of our study include use of data from a
large randomized controlled trial that assessed pre-
defined microvascular endpoints, including micro-
albuminuria, macroalbuminuria, and ESRD events.
In addition, we were able to assess incident CKD,
which we defined based on rigid criteria. Finally, we
were able to use data from the follow-on observa-
tional period in ACCORDION, which allowed us to
evaluate changes in eGFR after discontinuation of
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randomized interventions in the ACCORD Lipid
Trial.

Our study had several limitations. It is a post hoc
analysis of the ACCORD Lipid Trial, and thus our re-
sults are hypothesis-generating. Given the short study
duration and that patients with creatinine greater than
1.5 were excluded from this study, there were few
incident ESRD events. Thus, it is unclear what effect, if
any, fenofibrate has on this outcome. In addition, most
patients in the ACCORD study were middle-aged white
males with mostly normal kidney function. These
findings may not apply to minorities, younger pop-
ulations, or those with advanced kidney dysfunction.

In our study, we found that patients with diabetes
had slower kidney function decline when on fenofi-
brate than those not taking the medication. Currently,
even with treatment, approximately 35% of patients
with diabetes develop diabetic nephropathy. Despite
medical advances, this rate has been stable for
approximately 20 years.’ Given the high morbidity and
mortality associated with kidney disease, new medi-
cations are needed for the treatment of diabetic ne-
phropathy. Fenofibrate may be a tool to help reduce
diabetic complications in a vulnerable population.
However, additional studies should be done to further
elucidate the effects of fenofibrate on kidney disease.
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